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Abstract 
.LQGOLQVFRDFWLYDWHLQWHJULQVDORQJVLGHWDOLQ7KH\SRVVHVVOLNHWDOLQD)(50GRPDLQ
FRPSULVLQJ))VXEGRPDLQVEXWZLWKDSOHFNVWULQKRPRORJ\3+GRPDLQLQVHUWHGLQWKH
)VXEGRPDLQWKDWHQDEOHVPHPEUDQHDVVRFLDWLRQ:HSUHVHQWWKHFU\VWDOVWUXFWXUHRIPXULQH
NLQGOLQ3+GRPDLQGHWHUPLQHGDWcUHVROXWLRQDQGFKDUDFWHULVHLWVOLSLGELQGLQJXVLQJ
ELRSK\VLFDODQGFRPSXWDWLRQDODSSURDFKHV0ROHFXODUG\QDPLFV0'VLPXODWLRQVVXJJHVW
IOH[LELOLW\LQWKH3+GRPDLQORRSVFRQQHFWLQJȕVWUDQGVIRUPLQJWKHSXWDWLYH
SKRVSKDWLG\OLQRVLWROSKRVSKDWH3WG,QV3ELQGLQJVLWH6LPXODWLRQVZLWK3WG,QV3FRQWDLQLQJ
ELOD\HUVUHYHDOWKDWWKH3+GRPDLQDVVRFLDWHVZLWK3WG,QV3PROHFXOHVPDLQO\YLDWKH
SRVLWLYHO\FKDUJHGVXUIDFHSUHVHQWHGE\WKHȕȕORRSDQGWKDWLWELQGVZLWKVRPHZKDW
KLJKHUDIILQLW\WR3WG,QV3FRPSDUHGWR3WG,QV36XUIDFHSODVPRQUHVRQDQFH
635ZLWKOLSLGKHDGJURXSVLPPRELOLVHGDQGWKH3+GRPDLQDVDQDO\WHLQGLFDWHDIILQLWLHVRI
ȝ0IRU3WG,QV3DQGP0IRU3WG,QV3,QFRQWUDVW635VWXGLHVZLWK
LPPRELOLVHG3+GRPDLQDQGOLSLGQDQRGLVFVDVDQDO\WHVKRZDIILQLWLHVRI0IRU
3WG,QV3DQGQRDIILQLW\IRU3WG,QV3ZKHQWKHLQRVLWROSKRVSKDWHFRQVWLWXWHV
RIWKHWRWDOOLSLGVaPROHFXOHVSHUQDQRGLVF5HGXFLQJWKH3WG,QV3FRPSRVLWLRQWR
DEROLVKHVQDQRGLVFELQGLQJWRWKH3+GRPDLQDVGRHVVLWHGLUHFWHGPXWDJHQHVLVRIWZR
O\VLQHVZLWKLQWKHȕȕORRS%LQGLQJRI3WG,QV3E\DFDQRQLFDO3+GRPDLQ*USLV
QRWVLPLODUO\LQIOXHQFHGE\635H[SHULPHQWDOGHVLJQ7KHVHGDWDVXJJHVWDUROHIRU
3WG,QV3FOXVWHULQJLQWKHELQGLQJRIVRPH3+GRPDLQVDQGQRWRWKHUVKLJKOLJKWLQJWKH
LPSRUWDQFHOLSLGPRELOLW\DQGFOXVWHULQJIRUWKHELRSK\VLFDODVVHVVPHQWRISURWHLQPHPEUDQH
LQWHUDFWLRQV

6KRUWWLWOH.LQGOLQ3+GRPDLQELQGLQJRIFOXVWHUHGLQRVLWROSKRVSKDWHV

.H\ZRUGV3+GRPDLQOLSLGFOXVWHULQJ;UD\FU\VWDOORJUDSK\PROHFXODUG\QDPLFVVXUIDFH
SODVPRQUHVRQDQFH

 
 ?
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
,QWURGXFWLRQ
,QWHJULQPHGLDWHGDGKHVLRQEHWZHHQFHOOVDQGWKHH[WUDFHOOXODUPDWUL[LVHVVHQWLDOIRUWKH
GHYHORSPHQWRIPXOWLFHOOXODURUJDQLVPV,QWHJULQVDUHKHWHURGLPHULFĮDQGȕWUDQVPHPEUDQH
UHFHSWRUVFRPSULVLQJDODUJHH[WUDFHOOXODUGRPDLQIRUOLJDQGELQGLQJVXFKDVILEURQHFWLQ
FROODJHQDQGYLWURQHFWLQetc.DQGVKRUWF\WRSODVPLFWDLOV>@DQGDUHUHVSRQVLEOHIRUEL
GLUHFWLRQDOVLJQDOWUDQVGXFWLRQDFURVVWKHFHOOPHPEUDQH7KHF\WRSODVPLFWDLORIWKHȕ
VXEXQLWGHVSLWHLWVVKRUWOHQJWKLVFULWLFDOIRULQWHJULQDFWLYDWLRQDQGKDVEHHQVKRZQWR
LQWHUDFWZLWKVHYHUDOUHJXODWRU\SURWHLQV7DOLQZDVWKHILUVWHVVHQWLDOLQWUDFHOOXODUDFWLYDWRURI
LQWHJULQVWREHLGHQWLILHGDQGLWFRQWDLQVDQDPLQRWHUPLQDO)(50GRPDLQFRPSOHPHQWHG
ZLWKDORQJURGOLNHGRPDLQDWLWVFDUER[\WHUPLQDOHQG>@7KHODWHULGHQWLILFDWLRQRIWKH
NLQGOLQIDPLO\RISURWHLQVLGHQWLILHGWKHPDVNH\FRDFWLYDWRUVRILQWHJULQVDORQJVLGHWDOLQ
7DOLQDQGNLQGOLQLQWHUDFWGLUHFWO\ZLWKWKHF\WRSODVPLFWDLOVRILQWHJULQȕVXEXQLWVZLWK
NLQGOLQELQGLQJWRDPHPEUDQHGLVWDO13[<PRWLIDQGWDOLQDPHPEUDQHSUR[LPDO13[<
PRWLI>@%LRSK\VLFDOGDWDLQGLFDWHWKDWWDOLQDQGNLQGOLQVDUHDEOHWRELQGVLPXOWDQHRXVO\
WRWKHLUUHVSHFWLYH13[<VLWHV>@ZKLOHNLQGOLQVPD\EHHDUOLHUUHFUXLWHGWRLQWHJULQVGXULQJ
DFWLYDWLRQWKDQWDOLQLV>@

,QKXPDQVWKUHHLVRIRUPVRINLQGOLQSURWHLQVNLQGOLQVDQGKDYHEHHQLGHQWLILHGDQG
VKRZQWRDGRSWWLVVXHVSHFLILFSDWWHUQVRIH[SUHVVLRQ.LQGOLQLVH[SUHVVHGLQWKHHSLWKHOLDO
FHOOVRIWKHVNLQDQGJXWNLQGOLQLVZLGHO\H[SUHVVHGEXWPRVWQRWDEO\LQVWULDWHGDQG
VPRRWKPXVFOHDQGNLQGOLQLVH[SUHVVHGSDUWLFXODUO\LQKHPDWRSRLHWLFWLVVXHVEXWDOVRLQ
HQGRWKHOLDOFHOOV>@$EQRUPDOH[SUHVVLRQRIRUPXWDWLRQVLQNLQGOLQVFDQUHVXOWLQ
VHYHUHGLVHDVH)RUH[DPSOHNLQGOLQPXWDWLRQVDUHDVVRFLDWHGZLWK.LQGOHUV\QGURPHD
UDUHJHQHWLFGHUPDWLWLV>@ZKLOHDEHUUDQWH[SUHVVLRQRINLQGOLQLVDVVRFLDWHGZLWK
 ?

RQFRJHQHVLVHVSHFLDOO\RQUHORFDWLRQWRWKHQXFOHXVZKHUHLWDSSHDUVWRKDYHDUROHLQWKH
FRQWURORIWUDQVFULSWLRQDODFWLYLW\OHDGLQJWRWKHORVVRIWXPRXUVXSSUHVVRUVLJQDOV>@

%\FRQWUDVWDQXFOHDUUROHKDVQRWEHHQVKRZQIRUNLQGOLQEXWLWLVRYHUH[SUHVVHGLQ
FKURQLFO\PSKRF\WLFOHXNDHPLDZKLFKOHGWRLWVGLVFRYHU\>@DQGZKHQRYHUH[SUHVVHGLQ
EUHDVWFDQFHUPD\SOD\DNH\DQJLRJHQHWLFUROH>@7KHLPSRUWDQFHRINLQGOLQLQEORRG
FORWIRUPDWLRQLVKRZHYHUFOHDU±IRUH[DPSOHPLFHFDUU\LQJD4:!$$VXEVWLWXWLRQLQWKH
LQWHJULQELQGLQJ)VXEGRPDLQKDYHFRPSURPLVHGFORWWLQJDELOLW\>@EHFDXVHNLQGOLQ
DFWLYLW\LVHVVHQWLDOIRUSODWHOHWDFWLYDWLRQ>@$VGHWDLOHGDERYHQXFOHDUORFDOLVDWLRQRI
NLQGOLQLVRQFRJHQLF>@DQGDQRWKHUUHFHQWLQWULJXLQJLQVLJKWLVWKDWNLQGOLQLVWKH
SUHIHUUHGELQGLQJSDUWQHURIȕLQWHJULQVRYHUNLQGOLQ>@7KLVVXJJHVWVRQHSRVVLEOH
PHFKDQLVPOLQNLQJWKHWZRLVWKDWRYHUH[SUHVVLRQRINLQGOLQFRXOGGLVORGJHNLQGOLQIURP
DQLQWHJULQERXQGVWDWHOHDGLQJWRLWVQXFOHDUUHORFDOLVDWLRQ

,QDQ\FDVHPHPEUDQHELQGLQJE\NLQGOLQVLVWKXVQRWRQO\DQLPSRUWDQWIDFWRULQLQWHJULQ
DFWLYDWLRQEXWPD\DOVRGHWHUPLQHWKHLUFHOOVLJQDOOLQJLPSDFWDQGHYHQWKHFHOO¶VIDWH7KH
PHPEUDQHELQGLQJFDSDFLW\RINLQGOLQVKDVEHHQSURYHGWREHHVVHQWLDOIRULQWHJULQDFWLYDWLRQ
DQGLVGHSHQGHQWRQWKHLU3+GRPDLQV>@VHH)LJXUH6IRUDVHTXHQFHDOLJQPHQWDQG
RQDORQJORRSZLWKLQWKH))(50VXEGRPDLQZKLFKLVFRQVHUYHGDQGVLPLODUWRDQ
HTXLYDOHQWORRSLQWDOLQ>@'HOHWLRQRIWKHNLQGOLQ3+GRPDLQHOLPLQDWHVLWVDELOLW\WR
SDUWLFLSDWHLQWKHDGKHVLRQDQGPLJUDWLRQRI%FHOOVPHGLDWHGE\WKHOHXNRF\WHLQWHJULQ/)$
>@

 ?

2XUSUHYLRXVZRUNRQWKHNLQGOLQ3+GRPDLQVIRFXVHGRQNLQGOLQZKHUHZHVROYHGLWV
FU\VWDOVWUXFWXUHWRUHYHDODQLVRIRUPVSHFLILFVDOWEULGJHRFFOXGLQJWKHFDQRQLFDOLQRVLWRO
SKRVSKDWHELQGLQJVLWH>@0ROHFXODUG\QDPLFVLQGLFDWHGWKDWWKHVDOWEULGJHLVG\QDPLFDQG
OHGXVWRPDNHDPXWDQWODFNLQJLWZKLFKKDGDOWHUHGLQRVLWROSKRVSKDWHELQGLQJSURSHUWLHV
:HVKRZHGKRZHYHUWKDWLQHLWKHUFDVHWKHDIILQLW\IRULQRVLWROSKRVSKDWHOLJDQGVLVUHODWLYHO\
ZHDN0DOWKRXJKZLWKDVSHFLILFSUHIHUHQFHIRU3WG,QV3:HDOVRVKRZHGWKDW
WKHDSSDUHQWDIILQLW\ZDVLQIOXHQFHGE\WKHEXIIHUFKRLFHIRUDQH[SHULPHQWSKRVSKDWHEDVHG
EXIIHUVVHHPWRLQWHUIHUHZLWKWKHDSSDUHQWDIILQLW\PHDVXUHGVXJJHVWLQJDODFNRIVSHFLILFLW\
LQWKH3WG,QV3LQWHUDFWLRQVWDNLQJSODFH>@

+HUHZHUHSRUWWKHFU\VWDOVWUXFWXUHRIWKHNLQGOLQ3+GRPDLQWRJHWKHUZLWKPROHFXODU
G\QDPLFVEDVHGDQGELRSK\VLFDOFKDUDFWHULVDWLRQRILWVLQRVLWROSKRVSKDWHOLSLGELQGLQJ
SURSHUWLHV:HVKRZWKDWWKHNLQGOLQ3+GRPDLQKDVDK\GURJHQERQGEDVHGRFFOXVLRQWR
LWVFDQRQLFDO3WG,QV3ELQGLQJFOHIWDQGWKDWOLNHWKHNLQGOLQ3+GRPDLQLWELQGVVXUIDFH
LPPRELOL]HGLQRVLWROSKRVSKDWHVZLWKUDWKHUORZ0DIILQLW\8VLQJOLSLGQDQRGLVFVDVD
PRGHOPHPEUDQHV\VWHPDQGPROHFXODUG\QDPLFVVLPXODWLRQVWRVWXG\WKHLQWHUDFWLRQRIWKH
NLQGOLQ3+GRPDLQZLWKGLIIHUHQWFRPELQDWLRQVRIOLSLGVSHFLHVLQFOXGLQJLQRVLWRO
SKRVSKDWHOLSLGVZHVKRZWKDWOLSLGFOXVWHULQJLVOLNHO\WREHDVLJQLILFDQWIDFWRULQLWVELQGLQJ
RI3WG,QV3LQELOD\HUPHPEUDQHV2QWKLVEDVLVZHSURSRVHWKDWDVXEVHWRI3+
GRPDLQVLVDEOHWRELQGWRPXOWLSOHLQRVLWROSKRVSKDWHVVLPXOWDQHRXVO\DQGVRYLDDQDYLGLW\
HIIHFWKDYHLWVLQWHUDFWLRQZLWKWDUJHWPHPEUDQHVVWUHQJWKHQHG7KLVZRXOGH[SODLQKRZDQ
DSSDUHQWO\ORZDIILQLW\IRULQRVLWROSKRVSKDWHVFDQEHELRORJLFDOO\UHOHYDQWWRWKHORFDOLVDWLRQ
RINLQGOLQVWRWKHSODVPDPHPEUDQHDQGWKHLUVXEVHTXHQWDFWLYDWLRQRILQWHJULQV
 ?

5HVXOWV
Overall structure of Kindlin-3 PH domain.
7KHFU\VWDOVWUXFWXUHRIWKHNLQGOLQ3+GRPDLQH[KLELWVDQDUFKHW\SDOSOHFNVWULQKRPRORJ\
3+VXSHUIDPLO\IROGDWLWVFRUH>@ZLWKDSDUWO\RSHQVHYHQVWUDQGHGȕEDUUHOFDSSHGDW
RQHHQGE\D&WHUPLQDOĮKHOL[)LJXUHVHH7DEOHIRUGDWDFROOHFWLRQDQGUHILQHPHQW
VWDWLVWLFV6LPLODUWRWKDWRINLQGOLQDQG>@WKH3+GRPDLQRINLQGOLQFRQWDLQVDQ
DGGLWLRQDO&WHUPLQDODPSKLSDWKLFKHOL[H[WHQVLRQZKLFKLVQRWSUHVHQWLQRWKHU3+GRPDLQV
)LJXUH$$VDOWEULGJHLQNLQGOLQ3+GRPDLQ$UJ*OXKDVEHHQVKRZQWRRFFOXGH
LWVFDQRQLFDOSKRVSKRLQRVLWROELQGLQJVLWH>@DQGLQWKHNLQGOLQ3+GRPDLQWKLVVDOW
EULGJHLVUHSODFHGE\DK\GURJHQERQG$UJ*OQLQWKHHTXLYDOHQWSRVLWLRQ)LJXUH$
$VVKRZQLQ)LJXUH%WKHNLQGOLQ3+GRPDLQKDVDPL[HGVXUIDFHFKDUJHGLVWULEXWLRQ
ZLWKDSURQRXQFHGFRQFHQWUDWLRQRISRVLWLYHFKDUJHDWWKHFDQRQLFDOLQRVLWROSKRVSKDWH
ELQGLQJVLWH

7KHRYHUDOOIROGRIWKHNLQGOLQ3+GRPDLQDSSHDUVUHPDUNDEO\FRQVHUYHG7KHNLQGOLQ3+
GRPDLQLVFORVHVWLQVWUXFWXUHWRWKH3+GRPDLQRINLQGOLQ506' cZLWKWKHPDMRU
FRQIRUPDWLRQDOGLIIHUHQFHEHLQJLQWKHȕȕORRS7KHFORVHUHODWLRQVKLSEHWZHHQWKHNLQGOLQ
3+GRPDLQVWUXFWXUHVLVUHIOHFWHGLQWKHLUSRVLWLRQZLWKLQDVWUXFWXUDOSK\ORJHQHWLFWUHHZH
FRQVWUXFWHGIRUDVHWRI3+GRPDLQVRIGLIIHUHQWNLQGVRIIXQFWLRQDQGZKHUHUHOHYDQWZLWK
GLIIHUHQWOLSLGELQGLQJSURSHUWLHV)LJXUH62IQRWHDSUHYLRXVO\FRQVWUXFWHGVWUXFWXUDO
SK\ORJHQ\SODFHVWKHSUHYLRXVO\GHWHUPLQHGNLQGOLQ3+GRPDLQ105VWUXFWXUHLQD
GLIIHUHQWUHODWLRQVKLSWRWKDWRINLQGOLQVDQGWRWKHFU\VWDOVWUXFWXUHUHSRUWHGKHUH>@
7KLVKLJKOLJKWVWKHVHQVLWLYLW\RIVWUXFWXUDOSK\ORJHQHWLFFRPSDULVRQVWRWKHTXDOLW\RIWKH
PRGHOVXVHG
 ?


3+GRPDLQVZLWKFDQRQLFDOLQRVLWROSKRVSKDWHELQGLQJVLWHVW\SLFDOO\H[KLELWDKLJKO\
SRVLWLYHO\FKDUJHGFRUHDWWKHRSHQHQGRIWKH3+GRPDLQZKHUHE\WKH\LQWHUDFWZLWKWKHLU
OLJDQGDVVHHQLQ3+GRPDLQVRI*US>@DQG3/&į>@1RQFDQRQLFDO3+GRPDLQV
VXFKDV6OP>@7LDPDQG$UK*$3>@ODFNWKHVDPHNLQGRISRVLWLYHFKDUJH
GLVWULEXWLRQDQGLQVWHDGKDYHWKHLULQRVLWROSKRVSKDWHELQGLQJVLWHRQWKHVLGHRIWKHEDUUHO
PDLQO\EHWZHHQWKHȕȕORRSDQGȕȕORRS)LJXUH67KH3+GRPDLQVRINLQGOLQDQG
NLQGOLQKDYHVLPLODUVXUIDFHFKDUJHGLVWULEXWLRQWRWKH3+GRPDLQVZLWKFDQRQLFDOLQRVLWRO
SKRVSKDWHELQGLQJVLWHV)LJXUH%LQGLFDWLQJWKDWLQRVLWROSKRVSKDWHPLJKWLQWHUDFWLQD
FDQRQLFDOZD\WKURXJKWKHȕȕORRS7KHSUHYLRXVO\UHSRUWHGFU\VWDOVWUXFWXUHRIWKH
NLQGOLQ3+GRPDLQLVQRWDVFRPSOHWHDVHLWKHURIWKHDYDLODEOHFU\VWDOORJUDSKLFNLQGOLQRU
NLQGOLQPRGHOVODFNLQJVHYHQUHVLGXHVZLWKLQWKHȕȕORRSLWVVXUIDFHFKDUJH
FKDUDFWHULVWLFVKRZHYHUVHHPWREHVLPLODUWRWKRVHRIWKHRWKHUNLQGOLQ3+GRPDLQV

$WRPLVWLFPROHFXODUG\QDPLFVVLPXODWLRQRIWKHNLQGOLQ3+FU\VWDOVWUXFWXUHLQVROXWLRQ
LHLQWKHDEVHQFHRIDQ\OLSLGELOD\HUZLWKWZRGLIIHUHQWIRUFHILHOGVVKRZHGWKDWWKHRYHUDOO
IROGRIWKH3+GRPDLQLVUHWDLQHGGXULQJWKHVLPXODWLRQV7KHVHYHQVWUDQGHGȕEDUUHOLQWKH
FRUHRIWKH3+GRPDLQLVYHU\VWDEOHZKHUHDVWKHXQVWUXFWXUHGUHJLRQVFRQQHFWLQJWKHȕ
VWUDQGVDUHVRPHZKDWPRUHIOH[LEOH)LJXUH&,QSDUWLFXODUWKHȕȕORRSLVIOH[LEOHZLWK
ERWKVLPXODWLRQIRUFHILHOGVLQJRRGDJUHHPHQWZLWKWKHFU\VWDOVWUXFWXUH)LJXUH$$WWKH
HQGRIWKHVLPXODWLRQWKHVLGHFKDLQVRIWKHSRVLWLYHUHVLGXHVRQWKHȕȕORRSUHPDLQ
H[SRVHGWRZDUGVWKHRSHQHQGRIWKHEDUUHOSUHVXPDEO\SURYLGLQJDVLWHIRULQRVLWRO
SKRVSKDWHELQGLQJ:LWKWKHH[FHSWLRQRIRQHVLPXODWLRQLQZKLFKWKH$UJ*OQK\GURJHQ
ERQGLGHQWLILHGLQWKHFU\VWDOVWUXFWXUHEUHDNVIRUDQH[WHQGHGSHULRGRIWLPHWKH$UJ
 ?

*OQK\GURJHQERQGZDVJHQHUDOO\SUHVHUYHGGXULQJWKHVLPXODWLRQVDOWKRXJKLWEUHDNV
WUDQVLHQWO\EHIRUHUHIRUPLQJ)LJXUH6

Molecular dynamics simulations reveal a membrane-bound state of kindlin-3 PH domain and 
its interaction with PIP lipids.
&RDUVHJUDLQHGPROHFXODUG\QDPLFV&*0'VLPXODWLRQVFDQEHXVHGWRLGHQWLI\WKH
PROHFXODUPHFKDQLVPRISHULSKHUDOPHPEUDQHSURWHLQVELQGLQJWRPRGHOPHPEUDQHV
LQFRUSRUDWHGZLWKDQLRQLFHJ3,3OLSLGV>@,QSDUWLFXODU0'VLPXODWLRQVKDYHEHHQ
XVHGWRVWXG\WKHLQWHUDFWLRQRIDQXPEHURI3+GRPDLQVHJ'$333+>@DQG*US3+
>@ZLWK3,3OLSLGVDWWKHPROHFXODUOHYHO$UHFHQWVWXG\KDVDOVRGHPRQVWUDWHGWKDW0'
VLPXODWLRQVFDQEHXVHGWRVWXG\WKHIUHHHQHUJ\RIWKHLQWHUDFWLRQRI*US3+GRPDLQZLWK
3,3DQG3,3PROHFXOHV>@

7RH[DPLQHWKHDVVRFLDWLRQRIWKHQHZFU\VWDOVWUXFWXUHRIWKHNLQGOLQ3+GRPDLQZLWK
PRGHOPHPEUDQHVWKH3+GRPDLQZDVGLVSODFHGDZD\IURPDSUHIRUPHGELOD\HUFRQWDLQLQJ
3,3PROHFXOHVLQHDFKOHDIOHWFRQFHQWUDWLRQRIaWKDWPLPLFVWKHin vivoFRQFHQWUDWLRQ
RI3,3OLSLGVLQWKHSODVPDPHPEUDQHDQGDQHQVHPEOHRI&*0'VLPXODWLRQVRIȝV
HDFKZDVSHUIRUPHG)LJXUH$&DOFXODWLRQRIWKHRULHQWDWLRQRIWKH3+GRPDLQUHODWLYHWR
WKHELOD\HUE\FDOFXODWLQJWKH5]]FRPSRQHQWRILWVURWDWLRQDOPDWUL[VXJJHVWVWKDWWKH3+
GRPDLQKDVDSUHIHUUHGRULHQWDWLRQUHODWLYHWRWKHELOD\HU)LJXUH%,QWKLVRULHQWDWLRQ
UHVLGXHVWRLHWKHSRVLWLYHO\FKDUJHGORRSEHWZHHQVWUDQGVȕȕPDGHWKHODUJHVW
QXPEHURIFRQWDFWVZLWKWKH3,3PROHFXOHV5HJLRQVDQGDOVR
IDFHWRZDUGVWKHELOD\HU)LJXUHDQGLQWHUDFWZLWK3,3PROHFXOHV7KLVRULHQWDWLRQLVUDWKHU
 ? ?

GLIIHUHQWIURPHJWKHFDQRQLFDORULHQWDWLRQRIWKH*US3+GRPDLQUHODWLYHWRDELOD\HU
>@,QGHHGWKHKHOL[DWWKHHQGRIWKH*US3+GRPDLQZDVVKRZQWREHLQDSDUDOOHO
RULHQWDWLRQUHODWLYHWRWKHELOD\HU:HQRWHKRZHYHUWKDWLQRXUHQVHPEOHZHDOVRREVHUYH
VHFRQGDU\ELQGLQJPRGHVLQZKLFKWKHNLQGOLQ3+GRPDLQDGRSWVDQRULHQWDWLRQWKDWLV
VLPLODUWRWKDWRIWKH*US3+GRPDLQ)LJXUH6($WRPLVWLFVLPXODWLRQVVWDUWLQJIURPWKH
SUHIHUUHGRULHQWDWLRQRIWKH3+GRPDLQRQWKH3,3FRQWDLQLQJELOD\HUUHYHDOWKDWWKH3+
GRPDLQUHWDLQVWKLVRULHQWDWLRQUHODWLYHWRWKHELOD\HU

7RH[DPLQHZKHWKHUWKHFRQFHQWUDWLRQRI3,3LQDPHPEUDQHELOD\HUDIIHFWVWKHDVVRFLDWLRQ
RIWKHNLQGOLQ3+GRPDLQWRWKHPHPEUDQH0'VLPXODWLRQVZHUHWKHQFDUULHGRXWZLWK
YDULRXVFRQFHQWUDWLRQVRI3,3OLSLGVLQWKHELOD\HU3,3RU3,3LQHDFKOHDIOHWRU
3,3LQHDFKOHDIOHWVHH7DEOH'HVSLWHWKHIDFWWKDWZKHQZHUHGXFHWKHQXPEHURI3,3
PROHFXOHVLQWKHELOD\HUWKHNLQGOLQ3+GRPDLQDVVRFLDWHVZLWKWKHELOD\HUOHVVIUHTXHQWO\
LQDOOFDVHVLWDGRSWVDSUHIHUUHGRULHQWDWLRQZKLFKLVVLPLODUWRWKHSUHIHUUHGRULHQWDWLRQ
GHVFULEHGDERYH)LJXUH67KH3+GRPDLQDGRSWHGWKHVDPHRULHQWDWLRQZKHQZHUDQ
VLPXODWLRQVZLWK3,3OLSLGVRUZLWKERWK3,3DQG3,3OLSLGVLQWKHELOD\HU.LQ3+
DQG.LQ3+LQ7DEOHUHVSHFWLYHO\,QWHUHVWLQJO\DWRPLVWLFVLPXODWLRQVVWDUWLQJIURP
IRXUGLIIHUHQWVQDSVKRWVRIWKHNLQGOLQ3+GRPDLQERXQGWR3,3FRQWDLQLQJELOD\HUVDWWKH
SUHIHUUHGRULHQWDWLRQVLPXODWLRQVRYHUDOOVHH0HWKRGVUHVXOWHGLQWKUHHVLPXODWLRQVLQ
ZKLFKWKHNLQGOLQ3+GRPDLQUHWDLQHGLWVRULHQWDWLRQUHODWLYHWRWKHELOD\HUDQGLQWKUHH
VLPXODWLRQVLQZKLFKWKH3+GRPDLQDGRSWHGWKHVHFRQGDU\ELQGLQJPRGHDWWKHHQGRIWKH
DWRPLVWLFVLPXODWLRQV)LJXUH6DVLQVXEVHTXHQWSRWHQWLDORIPHDQIRUFH30)
FDOFXODWLRQVVHHEHORZ

 ? ?

$QDO\VLVRIWKHFRQWDFWVEHWZHHQWKH3,3OLSLGVDQGWKH3+GRPDLQGXULQJWKHVLPXODWLRQV
VXJJHVWHGWKDWUHVLGXHV5.DQG.DQGUHVLGXHV..DQG5PDGHWKH
ODUJHVWQXPEHURIFRQWDFWVZLWK3,3DQG3,3OLSLGVUHVSHFWLYHO\2XUDQDO\VLVDOVRUHYHDOHG
WKDWWKH3+GRPDLQLQGXFHVFOXVWHULQJRIWKH3,3OLSLGVZKHQLWELQGVWRWKHELOD\HU)LJXUH
'7KHFOXVWHULQJRI3,3OLSLGVLVVRPHZKDWKLJKHUFRPSDUHGWR3,3OLSLGV1RWHWKDWWKH
FOXVWHULQJRIWKH3,3OLSLGVRFFXUVRQO\LQWKHOHDIOHWLQZKLFKWKHSURWHLQLVERXQG,QWKH
VLPXODWLRQVZLWKRI3,3RU3,3OLSLGVLQWKHELOD\HUPRVWRIWKHWLPHZHREVHUYHIRXU
3,3DQGILYH3,3OLSLGVUHVSHFWLYHO\LQDQDQQXOXVRIQPIURPWKHSURWHLQVXUIDFH*LYHQ
WKDWUHFHQWVWXGLHVKDYHVXJJHVWHGDQLPSRUWDQWUROHIRUDQLRQLFOLSLGVDQG3,3VLQLQWHJULQ
DFWLYDWLRQ>@WKHFKDQJHLQWKHORFDOOLSLGHQYLURQPHQWE\WKHELQGLQJRIWKH3+GRPDLQ
PD\KDYHVRPHIXQFWLRQDOUROH

Free energy of binding of the kindlin-3 PH domain to PIP(4,5)P2 DQGPIP(3,4,5)P3: 
2XUDQDO\VLVDERYHUHYHDOHGWKHPROHFXODUPHFKDQLVPRIWKHDVVRFLDWLRQRIWKHNLQGOLQ3+
GRPDLQZLWKWKHPHPEUDQHVXJJHVWLQJWKHRFFXUUHQFHRIWZRGLIIHUHQWPRGHVRILQWHUDFWLRQ
RIWKH3+GRPDLQZLWKWKH3,3FRQWDLQLQJELOD\HU7RH[DPLQHWKHVWUHQJWKRILQWHUDFWLRQRI
WKH3+GRPDLQZLWK3,3DQG3,3PROHFXOHVZHSHUIRUPHG30)FDOFXODWLRQVXVLQJD
SURWRFROZHGHYHORSHGUHFHQWO\VHH0HWKRGVDQGUHIHUHQFH>@30)SURILOHVIRU3,3DQG
3,3OLSLGVKDYHDJOREDOPLQLPXPZLWKDZHOOGHSWKRIaNFDOPROIRU3,3DQGDZHOORIa
NFDOPROIRU3,3OLSLGV7KLVVXJJHVWVWKDWWKHSURWHLQDVVRFLDWHVVRPHZKDWPRUHVWURQJO\
ZLWK3,3OLSLGV)LJXUH7KHILUVWZHOOFRUUHVSRQGLQJWRWKHSUHIHUUHGRULHQWDWLRQRIWKH
3+GRPDLQLQWKHSURILOHRIWKH3,3PROHFXOHVZDVIROORZHGE\DVHFRQGVKDOORZHUZHOO
FRUUHVSRQGLQJWRDVHFRQGDU\3+RULHQWDWLRQDWDGLVWDQFHRIaQP([DPLQDWLRQRIWKH
LQWHUDFWLRQVRIWKHNLQGOLQ3+GRPDLQZLWKWKHOLSLGVVKRZHGWKDWLQWKHZLQGRZVFRYHULQJ
 ? ?

aWRaQPSURWHLQOLSLGVHSDUDWLRQVWKHSURWHLQLVLQDVLPLODURULHQWDWLRQWRWKH
SUHIHUUHGRULHQWDWLRQPRGHGHVFULEHGDERYHLQZKLFKWKHSURWHLQLQWHUDFWVZLWKWKHELOD\HU
PDLQO\YLDWKHȕȕXQVWUXFWXUHGORRS,QWKHVHZLQGRZVWKH3,3PROHFXOHLVORFDWHG
EHWZHHQWKHȕȕDQGȕȕORRSVLHLQDQRQFDQRQLFDO3,3ELQGLQJVLWHIRUPRVWRIWKH
WLPH)LJXUH6$:HQRWHWKDWZHKDYHDOVRVHHQLQWHUDFWLRQVRI3,3PROHFXOHVZLWKWKLV
VLWHLQRXUHQFRXQWHUVLPXODWLRQVDVGHVFULEHGDERYH,QWHUHVWLQJO\LQWKHVHFRQGZHOOWKH
SURWHLQDGRSWVDQRULHQWDWLRQWKDWLVVLPLODUWRWKHVHFRQGDU\ELQGLQJPRGHDOVRREVHUYHGLQ
WKHVLPXODWLRQVDERYHZLWKWKH3,3PROHFXOHQRZORFDWHGEHWZHHQWKHȕȕDQGȕȕ
ORRSVLHLQWKHFDQRQLFDO3,3ELQGLQJVLWH,QFRQWUDVWWKHSURILOHVIRU3,3OLSLGVDQGIRUWKH
PXWDWHGIRUPRINLQGOLQ3+GRPDLQGLGQRWKDYHDVHFRQGZHOO,QWKHVLPXODWLRQVZLWKD
3,3PROHFXOHWKH3,3LVIRXQGERWKLQWKHFDQRQLFDOLHFRQWDFWLQJWKHȕȕDQGȕȕ
ORRSVDQGLQDQRQFDQRQLFDOVLWHLHFRQWDFWLQJWKHȕȕDQGȕȕORRSV)LJXUH6%
:HQRWHWKDWWKHGHSWKRIWKHZHOOIRUWKHELQGLQJRIWKH*US3+GRPDLQWR3,3OLSLGVXVLQJ
WKHVDPHPHWKRGZDVNFDOPROIRU3,3DQGNFDOPROIRU3,3VXJJHVWLQJWKDWWKH
ELQGLQJRINLQGOLQ3+GRPDLQLVZHDNHUFRPSDUHGWR*US3+GRPDLQELQGLQJDVLQJOH
OLSLG>@'LVUXSWLRQRIWKH3+3,3LQWHUDFWLRQVE\PXWDWLQJWKH.DQG.UHVLGXHV
ZKLFKZHUHLGHQWLILHGWRIRUPDODUJHQXPEHURIFRQWDFWVZLWKWKH3,3OLSLGVUHVXOWHGLQD
UHGXFHGELQGLQJWR3,3PROHFXOHVE\NFDOPRO

An SPR study confirms that the Kindlin-3 PH domain binds to multiple Phosphatidylinositol 
Phosphates 
7RYHULI\WKHSRWHQWLDOLQWHUDFWLRQEHWZHHQFOXVWHUHGSKRVSKDWLG\OLQRVLWROSKRVSKDWHVDQGWKH
NLQGOLQ3+GRPDLQREVHUYHGLQRXU0'VLPXODWLRQVZHFRQGXFWHGVXUIDFHSODVPRQ
UHVRQDQFH635H[SHULPHQWV)LUVWO\DELRWLQ\ODWHGLQRVLWROSKRVSKDWHZDVLPPRELOL]HGRQWR
 ? ?

DVWUHSWDYLGLQGHULYDWL]HGVHQVRUFKLSDVLQSUHYLRXVVWXGLHV>@7KHXVHRIVWUHSWDYLGLQ
PHGLDWHGLPPRELOLVDWLRQPHDQWWKDWWKHGLVWDQFHVHSDUDWLQJLQGLYLGXDOOLSLGVZRXOGEHODUJHU
WKDQWKHVL]HRIWKHWHWUDPHULFVWUHSWDYLGLQDQGWKHUHIRUHWKDQWKH3+GRPDLQLWVHOIPHDQLQJ
WKDWRQH3+GRPDLQZRXOGEHDEOHWRELQGQRPRUHWKDQRQHOLSLGKHDGJURXSVLPXOWDQHRXVO\
LPSRVLQJRQHWRRQHELQGLQJLQWKHLQWHUDFWLRQ)LJXUH$,QDJUHHPHQWZLWKWKH0'
VLPXODWLRQUHVXOWVWKHNLQGOLQ3+GRPDLQGLVSOD\VDSUHIHUHQFHIRU3,3WKRXJKZLWKD
GLVVRFLDWLRQFRQVWDQWK'RIDERXWȝ0LQDJUHHPHQWZLWKSUHYLRXVPHDVXUHPHQWV>@
7KHDSSDUHQWELQGLQJFDSDFLW\IRU3,3ZDVPXFKORZHUK' ȝ0,QWURGXFWLRQRIWZR
SRLQWPXWDWLRQV.$.$HIIHFWLYHO\DEROLVKHGWKHELQGLQJFDSDFLW\RIERWKLQRVLWRO
SKRVSKDWHPRLHWLHVLQGLFDWLQJWKDWWKHLQWHUDFWLRQLVVSHFLILFHYHQLILWLVORZDIILQLW\)LJXUH
%:HQRWHWKDWLQWKH0'VLPXODWLRQZLWKWKHPXWDWHGIRUPRIWKHNLQGOLQ3+GRPDLQ
WKHSURWHLQLVDEOHWRELQGWRWKHELOD\HULQDVLPLODURULHQWDWLRQWRWKHZLOGW\SHKRZHYHULQ
PDQ\VLPXODWLRQVLWTXLFNO\GLVVRFLDWHVIURPWKHELOD\HU)LJXUH6$QDWXUDOO\RFFXUUHG
,355LVROHXFLQHSUROLQHDUJLQLQHDUJLQLQHLQVHUWLRQLQWKHȕȕORRSRINLQGOLQKDVEHHQ
UHSRUWHGWRGLVDEOHLQWHJULQDFWLYDWLRQDQGWKXVO\PSKRF\WHDGKHVLRQDQGPLJUDWLRQ>@,Q
DJUHHPHQWZLWKUHVXOWVREWDLQHGE\RWKHUVXVLQJDSXOOGRZQDVVD\ZLWK,3DQG,3FRDWHG
EHDGVRXU635VWXG\in vitroUHYHDOHGWKDWWKH,355LQVHUWLRQGLUHFWO\GLVUXSWHGWKH
LQWHUDFWLRQEHWZHHQWKH3+GRPDLQDQGSKRVSKRLQRVLWROPRLHWLHV)LJXUHV%DQG&
SUHVXPDEO\EHFDXVHRIWKHVWHULFHIIHFWRIDQHORQJDWHGȕȕORRS

7KHREVHUYDWLRQLQ0'VLPXODWLRQWKDWPXOWLSOHSKRVSKRLQRVLWROPROHFXOHVPD\ELQGWRPRUH
WKDQRQHVLWHRQDVLQJOH3+GRPDLQ)LJXUHDQG)LJXUHOHGXVWRDWWHPSWIXUWKHU
YHULILFDWLRQRIWKLVPRGHRILQWHUDFWLRQH[SHULPHQWDOO\1DQRGLVFVKDYHEHHQVKRZQWREHDQ
HIIHFWLYHPRGHOPHPEUDQHV\VWHPGXHWRWKHLUVWDELOLW\DQGFDSDFLW\WRPLPLFWKHPHPEUDQH
ELOD\HU>@LQFOXGLQJWKHIOXLGLW\RIOLSLGVWKRXJKZLWKLQDOLPLWHGELOD\HUDUHD7RVWXG\
 ? ?

WKHHIIHFWRISKRVSKDWLG\OLQRVLWROOLSLGFRQFHQWUDWLRQVRQWKHLUELQGLQJE\3+GRPDLQVZH
SHUIRUPHGWKH635H[SHULPHQWVLQDQLQYHUWHGVHWXS7KHELRWLQ\ODWHG3+GRPDLQZDV
LPPRELOLVHGRQWRWKHVHQVRUFKLSDQGWKHQDQRGLVFVZHUHSUHSDUHGDVWKHDQDO\WH

1DQRGLVFVLQFRUSRUDWHGZLWKGLIIHUHQWFRPSRQHQWVZHUHVWDEOHLQVROXWLRQ)LJXUHV6$DQG
6'ZLWKDQHVWLPDWHGPROHFXODUZHLJKWRIN'DWKH\EHKDYHGDVVLQJOHVSHFLHVZLWKD
VHGLPHQWDWLRQFRHIILFLHQWRI6DVDVVHVVHGE\DQDO\WLFDOXOWUDFHQWULIXJDWLRQ)LJXUH6%,W
DSSHDUVWKDWWKHGLDPHWHURIWKHQDQRGLVFVFRUUHODWHVZLWKWKHPRODUUDWLRRI
SKRVSKDWLG\OLQRVLWLGHVLQFRUSRUDWHGLQWKHLUPHPEUDQHVQDQRGLVFVZLWK3WG,QV3
GLDPHWHUG QPZHUHELJJHUWKDQWKRVHZLWK3WG,QV3G QP
)LJXUHV6&DQG6(1RWHWKDWWKHGLDPHWHUVDUHVPDOOEHFDXVHWKH\DUHDYHUDJHYDOXHVDV
VKRZQLQ)LJXUH6'WKHQDQRGLVFVDUHHOOLSWLFDODQGRIWKHH[SHFWHGVL]H

7KH635UHVXOWVVKRZHGWKDW3,3LQFRSRUDWHGQDQRGLVFVELQGWRNLQGOLQ3+GRPDLQ
VWURQJO\ZLWKDPXFKHQKDQFHGDIILQLW\K' ȝ0)LJXUHFRPSDUHGWRWKDWVKRZQE\
WKH3+GRPDLQWRZDUGVLPPRELOLVHGLQRVLWROSKRVSKDWHV,QFRQWUDVWQDQRGLVFVZLWK3,3
VKRZHGQRELQGLQJWRNLQGOLQ3+GRPDLQGHPRQVWUDWLQJWKDW3,3LVLWVUHDOOLJDQGDQG
VXJJHVWLQJWKDWWKHDSSDUHQWELQGLQJWRLPPRELOLVHG3,3LVGXHWRDQRQVSHFLILFLQWHUDFWLRQ
:HDOVRSHUIRUPHGWKHVDPHH[SHULPHQWVZLWKQDQRGLVFVZLWKRXWLQFRUSRUDWHG
SKRVSKDWLG\OLQRVLWROPRLHWLHVDQGREVHUYHGQRELQGLQJLQ635H[SHULPHQWV

7KHUHLVHYLGHQFHIRU3,3FOXVWHULQJZLWKLQOLSLGELOD\HUV>@ZKLOHRWKHUGDWDVXJJHVW
SURWHLQGULYHQ3,3FOXVWHULQJLQVLJQDOOLQJFRPSOH[IRUPDWLRQ>@)XUWKHUPRUHZKLOHD
 ? ?

VWXG\RI\HDVWSURWHLQVKDVUHYHDOHGWKDWWKHLQWHUDFWLRQEHWZHHQRQHVHWRI3+GRPDLQVDQG
PHPEUDQHVFDQEHHQKDQFHGE\FRRSHUDWLYHLQWHUDFWLRQEHWZHHQ3,3VDQGRWKHUOLSLGVVXFK
DV3236>@WKHLQWHUDFWLRQEHWZHHQWKHNLQGOLQ3+GRPDLQDQG3,3VHHPVWRPRUHUHO\
RQWKHFRQFHQWUDWLRQRI3,3LQWKHPHPEUDQHLHFRRSHUDWLYLW\DPRQJFRSLHVRIWKHVDPH
OLSLG

Grp1 PH domain binds inositol phosphate with 1:1 specificity 
:HIXUWKHUDVNHGZKHWKHURXUREVHUYDWLRQVDUHVSHFLILFWRNLQGOLQ3+GRPDLQDQGVLPLODU
GRPDLQVRUFRXOGDOVREHVKRZQIRU3+GRPDLQVZKLFKDUHDOUHDG\NQRZQWRELQGWRLQRVLWRO
SKRVSKDWHVSHFLHVLQDFODVVLFDOLQWHUDFWLRQPRGH,IWKH\FRXOGEHVKRZQIRUVXFKZHOO
FKDUDFWHULVHGGRPDLQVWKHQRXUUHVXOWVZLWKWKHNLQGOLQ3+GRPDLQZRXOGVHHP
TXHVWLRQDEOH7KHFU\VWDOVWUXFWXUHRIWKH*US3+GRPDLQLQFRPSOH[ZLWK,QV3
HTXLYDOHQWWRWKH3WG,QV3KHDGJURXSUHYHDOVWKHOLJDQGZHOOHPEHGGHGLQDSRFNHW
IRUPHGE\SRVLWLYHO\FKDUJHGUHVLGXHV>@,QOLQHZLWKWKLVZHVKRZHGE\635WKDWWKH
DQDO\WHOLJDQGGHVLJQRIRXUH[SHULPHQWGRHVQRWVLJQLILFDQWO\DIIHFWWKHDSSDUHQWDIILQLW\RI
*USIRU3,3FRPSDUHGWRWKHHIIHFWLWKDVRQWKHNLQGOLQ3,3ELQGLQJREVHUYHG*US3+
GRPDLQZDVVKRZQWRELQGWRLPPRELOLVHG3,3KHDGJURXSVZLWKDK'RIȝ0
)LJXUH$DQGWRLPPRELOLVHG3,3KHDGJURXSVZLWKDK'WHQWLPHVJUHDWHU)LJXUH6
FRQVLVWHQWZLWKDSUHYLRXVVWXG\WKRXJKZLWKDORZHUDEVROXWHYDOXHGXHWRPHWKRGRORJLFDO
GLIIHUHQFHV>@,QFRQWUDVWWKHELQGLQJDIILQLW\WR3,3ZLWKLQQDQRGLVFVRI
FRQVWLWXHQWOLSLGVKDVDK'RI06RLQWKHFDVHRI*USWKHUHLVRQO\DWLPHV
GLIIHUHQFHLQDIILQLW\EHWZHHQLPPRELOLVHGOLSLGKHDGJURXSVDQGZKROHOLSLGVLQDOLSLG
QDQRGLVFUDWKHUWKDQWKHa[HQKDQFHPHQWREVHUYHGZLWKWKHNLQGOLQ3+GRPDLQ7KLV
VXJJHVWVWKDWWKH*US3+LQWHUDFWLRQZLWK3,3DWKLJKDIILQLW\GRHVQRWUHO\RQWKHELQGLQJ
 ? ?

RIPXOWLSOH3,3WKRXJKLWGRHVLQGLFDWHDQHQKDQFHPHQWRIOLSLGELQGLQJ±PRVWOLNHO\E\D
VLPSOHHOHFWURVWDWLFDWWUDFWLRQ±LQDPHPEUDQHOLNHFRQWH[W>@

'LVFXVVLRQ
7KHF\WRSODVPLFVXUIDFHRIWKHSODVPDPHPEUDQHVHUYHVDVDSODWIRUPIRUPDQ\FULWLFDO
ELRORJLFDOSURFHVVHV7KHUHFUXLWPHQWRISHULSKHUDOPHPEUDQHSURWHLQVIURPWKHF\WRSODVPWR
WKHSODVPDPHPEUDQHVXUIDFHLVVSDWLRWHPSRUDOO\DQGDFFXUDWHO\UHJXODWHG7KH3+GRPDLQLV
RQHRIDVHOHFWLRQRIFRPPRQO\XVHGIROGVGLUHFWLQJSURWHLQPHPEUDQHDVVRFLDWLRQDQGKDV
EHHQVKRZQWRFRQIHUVSHFLILFLW\WRGLIIHUHQWLQRVLWROSKRVSKDWHVRQSURWHLQPHPEUDQH
LQWHUDFWLRQV
3+GRPDLQVKDYHEHHQVKRZQWRELQGSKRVSKDWLG\OLQRVLWROSKRVSKDWHV3WG,QV3VZLWK
GLIIHUHQWGHJUHHVRIVSHFLILFLW\>@DQGWKH3+GRPDLQVRIWKHNLQGOLQVKDYHDOLPLWHG
DIILQLW\IRUWKHP>@DOWKRXJKWKHPHPEUDQHLQWHUDFWLRQPHGLDWHGE\WKH3+GRPDLQLV
HVVHQWLDOIRULQWHJULQDFWLYDWLRQ>@3KRVSKDWLG\OLQRVLWROOLSLGVDUHSUHVHQWLQPHPEUDQHVDW
GLIIHUHQWFRQFHQWUDWLRQVZKLFKPD\OHDGWRYDULDEOHDFWLYLW\DQGUROHVLQPHPEUDQHVWUXFWXUH
DQGPHPEUDQHUHFRJQLWLRQ3WG,QV33,3KDVEHHQUHSRUWHGWREHWKHPRVWDEXQGDQW
SKRVSKDWLG\OLQRVLWROOLSLGLQFHOOV>@DQGFDQXQGHUJRSKRVSKRU\ODWLRQWRD3WG,QV3
3,3VWDWHERWK3,3DQG3,3DUHIRXQGDWWKHSODVPDPHPEUDQH0RQRSKRVSKRU\ODWHG
LQRVLWLGHOLSLGVDUHE\FRQWUDVWDVVRFLDWHGZLWKFRPSDUWPHQWVVXFKDVWKH*ROJLDQG
HQGRSODVPLFUHWLFXOXP>@

,QWKHSUHVHQWVWXG\ZHILUVWO\VROYHGWKHFU\VWDOVWUXFWXUHRINLQGOLQ3+GRPDLQDQGWKHQ
XVHGWKHFU\VWDOVWUXFWXUHDVWKHEDVLVIRUDPXOWLVFDOHPROHFXODUG\QDPLFVVLPXODWLRQVWXG\
 ? ?

0'VLPXODWLRQUHYHDOHGWKDWNLQGOLQ3+GRPDLQLQWHUDFWVZLWKWKH3,3OLSLGVSULPDULO\YLD
WKHORRSFRQQHFWLQJWKHȕDQGȕVWUDQGVDQGWKDWLWKDVDVRPHZKDWKLJKHUDIILQLW\IRU
ELQGLQJ3WG,QV3WKDQIRU3WG,QV3LQDPHPEUDQHOLNHV\VWHP0RUHRYHURQH
NLQGOLQ3+GRPDLQDSSHDUVWRELQGPXOWLSOHLQRVLWROSKRVSKDWHOLSLGVDWERWKFDQRQLFDODQG
QRQFDQRQLFDOVLWHVE\PHDQVRIZKLFKWKHDIILQLW\RILQWHUDFWLRQEHWZHHQWKH3+GRPDLQDQG
WKHPHPEUDQHLVJUHDWO\HQKDQFHGE\DQDYLGLW\HIIHFW,QFRQWUDVWZLWKD3+GRPDLQIURP
*USSUHYLRXVO\VKRZQWRKDYHFDQRQLFDODQGVSHFLILFRQHWRRQHELQGLQJWRLQRVLWRO
SKRVSKDWHOLSLGWKLVRQHWRPRUHELQGLQJPRGHZDVQRWREVHUYHG7KHVHREVHUYDWLRQVIURP
0'VLPXODWLRQZHUHVXSSRUWHGE\RXUVXUIDFHSODVPRQUHVRQDQFHH[SHULPHQWVLQWZR
FRPSOHPHQWDU\VHWXSV7KHILUVWRQHLQYROYHVLPPRELOLVDWLRQRIELRWLQ\ODWHGLQRVLWRO
SKRVSKDWHVRQWKHVHQVRUFKLSDQGXVHRIWKH3+GRPDLQ:7DQGPXWDQWDVWKHDQDO\WHWR
PLPLFDQLVRODWHGRQHWRRQHELQGLQJPRGH,QWKLVFDVHHDFK3+GRPDLQFRXOGRQO\ELQGWR
QRPRUHWKDQRQHSKRVSKROLSLGGXHWRWKHGLVWDQFHUHVWUDLQWVLPSRVHGE\VWUHSWDYLGLQ
PHGLDWHGLPPRELOLVDWLRQ7KHRWKHUVHWXSDWWHPSWHGWRPLPLFWKHELOD\HUSODVPDPHPEUDQH
E\LPPRELOLVLQJWKH3+GRPDLQRQWKHFKLSDQGXVLQJVROXEOHPHPEUDQHVQDQRGLVFVDVWKH
DQDO\WH7KHDIILQLW\RILQWHUDFWLRQPHDVXUHGEHWZHHQWKH3+GRPDLQDQGLQRVLWROSKRVSKDWH
OLSLGVZHUHUHPDUNDEO\DIIHFWHGE\H[SHULPHQWDOGHVLJQ

&RPSDUHGZLWKOLSRVRPHVQDQRGLVFVKDYHREYLRXVDGYDQWDJHVIRUSURWHLQOLSLGLQWHUDFWLRQ
VWXGLHVLQDPHPEUDQHOLNHHQYLURQPHQWWKH\DUHPRUHVWDEOHDQGKDYHDOLPLWHGQXPEHURI
OLSLGVSHUGLVF1DQRGLVFVPDGHRI063('DUHHVWLPDWHGWRDFFRPPRGDWHDERXW
323&OLSLGVZLWKDGLDPHWHURIDERXWQP>@WKLVLVLQDJUHHPHQWZLWKRXUFU\R(0
PDSRIWKHQDQRGLVF)LJXUH6'ZKLFKLVILWWHGZHOOOHQJWKaQPZLGWKaQPZLWKWKH
HORQJDWHGDQGWZLVWHGFRQIRUPDWLRQRIWKHKXPDQDSROLSRSURWHLQ$>@,QWKH635
H[SHULPHQWVKHUHWKHVPDOODQGKRPRJHQHRXVVL]HRIWKHQDQRGLVFPHPEUDQHLVFULWLFDOIRU
 ? ?

PRGHOILWWLQJDQGLQWHUSUHWDWLRQRIWKH635UHVXOWV/LSRVRPHVZLWKLQKHUHQWO\ODUJHU
GLDPHWHUVHJQPZRXOGFUHDWHPXOWLSOHSRVVLEOHFRQWDFWVLWHVIRU3+GRPDLQV
FRQIRXQGLQJELQGLQJDIILQLW\DQDO\VLV1DQRGLVFVKRZHYHUDUHDEOHWRELQGQRPRUHWKDQRQH
LPPRELOLVHG3+GRPDLQGXHWKHLUOLPLWHGVL]HFRPSDUHGZLWKWKHVL]HDQGGHQVLW\RI
LPPRELOLVHG3+GRPDLQVRQWKHFKLSVXUIDFH

:HILQGWKDW3WV,QV3FOXVWHULQJHQKDQFHVWKHDIILQLW\RINLQGOLQ3+GRPDLQVIRUWDUJHW
PHPEUDQHV7KLVLVDFKDUJHEDVHGLQWHUDFWLRQDVVKRZQE\LWVORVVZKHQSRVLWLYHO\FKDUJHG
O\VLQHUHVLGXHVDUHPXWDWHGWRDODQLQH)LJXUH6LPLODUO\DQXPEHURIRWKHUSURWHLQVKDYH
EHHQVKRZQWRLQWHUDFWZLWKFOXVWHUVRI3WG,QV3OLSLGVRQWKHEDVLVRIRSSRVLWHFKDUJH
DWWUDFWLRQ)RUH[DPSOHDVHULHVRIEDVLFUHVLGXHVLQWKH0$5&.6SHSWLGHIURPDSURWHLQ
NLQDVH&VXEVWUDWHDUHNQRZQWRELQGWR3WG,QV3OLSLGFOXVWHUVDVGRV\QWD[LQ$%$5
GRPDLQVDQG1:$631:$63LVDQDFWLYDWRURI$USZKLFKLQWXUQQXFOHDWHVDFWLQ
ILODPHQWIRUPDWLRQDWPHPEUDQHV>@

7KHUHLVLQFUHDVLQJHYLGHQFHVKRZLQJWKDW3+GRPDLQVFDQLQWHUDFWZLWKPXOWLSOHOLSLG
VSHFLHVVLPXOWDQHRXVO\$UHFHQWFU\VWDOVWUXFWXUHRIWKH$6$33+GRPDLQVXJJHVWHGWKDW
WKHUHZHUHWZRDQLRQLFOLSLGELQGLQJVLWHVRQWKH$6$33+GRPDLQDFDQRQLFDOVLWHDQGDQ
DW\SLFDOVLWH>@DQGUHFHQWFRPSDUDWLYH0'VLPXODWLRQVKDYHVXJJHVWHGERWKVLWHVDUH
SUHVHQWIRUDQXPEHURI3+GRPDLQV>@0RUHRYHU9RQNRYDet al.VWXGLHGGLIIHUHQW3+
GRPDLQVDQGVKRZHGWKDWOLSLGFRRSHUDWLYLW\LVHVVHQWLDOIRUWKHLUUHFUXLWPHQWWRWKH
PHPEUDQH>@&OXVWHULQJRIOLSLGVE\WKHNLQGOLQ3+GRPDLQLVH[SHFWHGWRFKDQJHWKH
ORFDOOLSLGHQYLURQPHQW*LYHQWKDWNLQGOLQVDFWLQV\QHUJ\ZLWKWDOLQZKLFKZDVDOVRVKRZQ
WRLQWHUDFWZLWKDQLRQLFOLSLGV>@WKLVPD\SURYLGHDPHFKDQLVPIRUKRZWDOLQDQGNLQGOLQV
 ? ?

LQWXUQDVVRFLDWHZLWKWKHLQWHJULQ)RFDODGKHVLRQNLQDVHKDVDOVREHHQVKRZQWRELQGWR
LQRVLWROSKRVSKDWHVLQGXFLQJFOXVWHULQJRIDSURWHLQPHGLDWHGNLQG>@

7KHRULHQWDWLRQRIWKHNLQGOLQ3+GRPDLQRQDWDUJHWPHPEUDQHLQGLFDWHGE\WKLVVWXG\DQG
WKHIDFWWKDWNLQGOLQVKDYHDUDWKHUORQJXQVWUXFWXUHGORRSLQWKH)GRPDLQDOORZXVWRIRUP
DK\SRWKHVLVIRUKRZWKHNLQGOLQKHDGGRPDLQPD\LQWHUDFWZLWKWKHPHPEUDQHDQGZLWKWKH
LQWHJULQUHFHSWRU,QSDUWLFXODUWKHRULHQWDWLRQRIWKH3+GRPDLQWKDWZHILQGLQFRPELQDWLRQ
ZLWKWKHVKRUWOLQNHUUHJLRQVSOXJJLQJLWLQWRWKH)VXEGRPDLQVXJJHVWWKDWLWDFWVDVDEXIIHU
RUVSDFHUEHWZHHQWKHNLQGOLQDQGWKHPHPEUDQHVXUIDFHDQGWKHUHE\DOORZVWKH)
VXEGRPDLQWRLQWHUDFWZLWKWKHPHPEUDQHGLVWDO13[<LQWHJULQȕVXEXQLWWDLOPRWLIUDWKHU
WKDQWKHPHPEUDQHSUR[LPDO13[<ERXQGE\WDOLQ>@)LJXUH7KXVLQFRPELQDWLRQZLWK
WKH1WHUPLQDO)GRPDLQ>@DQGORQJ)ORRS>@WKH3+GRPDLQSURYLGHVNLQGOLQVZLWKD
VSHFLILFORFDWLRQDQGELQGLQJPRGHIRULQWHJULQDFWLYDWLRQ

7KHUHDUHQRKLJKUHVROXWLRQVWUXFWXUDOGDWDIRUWKHUHVWRINLQGOLQKRZHYHULWKDVEHHQ
VKRZQWRKDYHDVLPLODUVWUXFWXUHWRWKHWDOLQKHDGGRPDLQ>@7KHUHIRUHIXUWKHUVWXGLHVZLOO
IRFXVRQVWUXFWXUHGHWHUPLQDWLRQIRUNLQGOLQVDQGXVHVWUXFWXUDODQGELRSK\VLFDOPHWKRGVWR
WHVWWKHK\SRWKHVLVRXWOLQHGDERYHWKDWELQGLQJRIFOXVWHUHGSKRVSKDWLG\OLQRVLWROSKRVSKDWH
OLSLGVLVDPHFKDQLVPHPSOR\HGE\VRPHSURWHLQVDQGVSHFLILFDOO\DVXEVHWRI3+GRPDLQVWR
HQDEOHWKHELQGLQJRIPHPEUDQHVZLWKDQHQKDQFHGDIILQLW\ 
 ? ?

0DWHULDOVDQG0HWKRGV
Constructs Design, Cloning and Mutagenesis
0RXVHFERMT38QL3URW.%4.%HQFRGLQJNLQGOLQ3+GRPDLQUHVLGXHV
DQG*US*HQHUDOUHFHSWRURISKRVSKRLQRVLWLGHV8QL3URW.%23+GRPDLQ
UHVLGXHVZHUHFORQHGLQWRDS23,1-YHFWRUZKLFKFRQWDLQVDWDQGHP+LVDQG
*67*OXWDWKLRQH6WUDQVIHUDVHWDJIROORZHGE\D+XPDQ5KLQRYLUXV+59&SURWHDVH
FOHDYDJHVLWHLQWKH1WHUPLQXV7KHVXFFHVVIXOFORQLQJZDVFRQILUPHGE\'1$VHTXHQFLQJ
6RXUFH%LRVFLHQFH8.0XWDJHQHVLVDQGLQVHUWLRQVZHUHDFKLHYHGE\RYHUODSSLQJ3&5
IROORZLQJWKHVWDQGDUGSURWRFRO>@$'1$IUDJPHQWHQFRGLQJDUHVLGXH$YL7DJ70ZDV
LQVHUWHGEHWZHHQWKH&SURWHDVHFOHDYDJHVLWHDQG3+GRPDLQE\3&5WRHQDEOHin vivo
SURWHLQELRWLQ\ODWLRQ>@XVLQJD%LU$E. coliVWUDLQIRUVXUIDFHSODVPRQUHVRQDQFH
H[SHULPHQWV

Expression of kindlin-3 PH domain and Grp1 PH domain
7KHFRQVWUXFWHQFRGLQJUHFRPELQDQWNLQGOLQ3+GRPDLQZDVWUDQVIRUPHGLQWRE. coli%
VWUDLQ$VLQJOHFRORQ\ZDVSLFNHGIURPIUHVKWUDQVIRUPDQWVRQDQ/%DJDUFDUEHQLFLOOLQSODWH
DQGFXOWXUHGLQPORI/%VXSSOHPHQWHGZLWKȝJPORIFDUEHQLFLOOLQRYHUQLJKW7KHSUH
FXOWXUHZDVGLOXWHGWLPHVLQWR/%PHGLDZLWKDQWLELRWLFVDQGLQFXEDWHGDWZLWK
YLJRURXVVKDNLQJDWUSPXQWLO2'UHDFKHGDERXW7KHH[SUHVVLRQRISURWHLQZDV
LQGXFHGE\P0,37*,VRSURS\Oȕ'WKLRJDODFWRS\UDQRVLGHDW&RYHUQLJKW&HOOV
ZHUHKDUYHVWHGE\FHQWULIXJDWLRQDWJIRUPLQDQGSHOOHWVZHUHIUR]HQLQD&
IUHH]HUXQWLOIXUWKHUXVH2WKHUSURWHLQVXVHGLQWKLVVWXG\ZHUHH[SUHVVHGXVLQJWKHVDPH
SURWRFRO
Protein purification and crystallisation
 ? ?

7KHIUR]HQFHOOSHOOHWRINLQGOLQ3+GRPDLQDERXWJRIFHOOSHOOHWIURPORIRYHUQLJKW
FXOWXUHZDVUHVXVSHQGHGLQO\VLVEXIIHUP07ULVS+P01D&ODQG
7ZHHQDQGO\VHGZLWKVRQLFDWLRQDQGWKHGHEULVZHUHVHSDUDWHGE\FHQWULIXJDWLRQDW
JIRUKU7KHUHVXOWLQJVXSHUQDWDQWZDVLQFXEDWHGZLWKJOXWDWKLRQHVHSKDURVH
HTXLOLEUDWHGZLWKO\VLVEXIIHUIRUKUV7KHJOXWDWKLRQHVHSKDURVHZLWKSURWHLQERXQGZDV
WKHQZDVKHGZLWKO\VLVEXIIHUH[WHQVLYHO\*67&SURWHDVHZDVDGGHGWRFOHDYHWKH
NLQGOLQ3+GRPDLQIURPVHSKDURVHRYHUQLJKWDW&ZLWKJHQWOHVKDNLQJ6XSHUQDWDQW
FRQWDLQLQJ3+GRPDLQZDVFRQFHQWUDWHGDQGDSSOLHGWRVL]HH[FOXVLRQFKURPDWRJUDSK\
6XSHUGH[*(+HDOWKFDUH/LIH6FLHQFHVLQP07ULV+&OS+P0
1D&OP07&(3trisFDUER[\HWK\OSKRVSKLQHEXIIHUWRREWDLQWKHSXULILHGSURWHLQV
7KHSXULILFDWLRQRINLQGOLQ3+GRPDLQPXWDQWVDQG*US3+GRPDLQDQGELRWLQ\ODWHG
SURWHLQVZDVFDUULHGRXWLQWKHVDPHZD\6XFFHVVIXOin vivoELRWLQ\ODWLRQZDVYHULILHGE\
HIILFLHQWELQGLQJWRVWUHSWDYLGLQPDJQHWLFEHDGV6LJPD

&U\VWDOOLVDWLRQVFUHHQLQJZDVSHUIRUPHGE\PHDQVRIVLWWLQJGURSYDSRXUGLIIXVLRQPHWKRGV
%ULHIO\QORISURWHLQVDWPJPOLQP07ULV+&OS+P01D&OZHUH
PL[HGZLWKQORIUHVHUYRLUVDQGHTXLOLEUDWHGDJDLQVWȝORIFU\VWDOOLVDWLRQUHVHUYRLU
+DPSWRQ5HVHDUFKDW.&U\VWDOVDSSHDUHGZLWKLQGD\VDQGFRQWLQXHGJURZLQJXQWLO
ZHHNVLQ06RGLXP1LWUDWH06RGLXP$FHWDWHS+&U\VWDOVZHUHIODVKFRROHGZLWK
YYJO\FHUROLQWKHPRWKHUOLTXRUDVFU\RSURWHFWDQW
 
Data collection, processing and structure determination
 ? ?

'LIIUDFWLRQGDWDZHUHFROOHFWHGXVLQJEHDPOLQH,DW'LDPRQG/LJKW6RXUFH'LGFRW8.
DQGWKHQLQGH[HGLQWHJUDWHGDQGVFDOHGXVLQJWKH;LDSLSHOLQH>@7KHVWUXFWXUHRINLQGOLQ
3+GRPDLQZDVVROYHGE\PROHFXODUUHSODFHPHQW05XVLQJ3+$6(5>@ZLWKD
SRO\DODQLQHPRGHORINLQGOLQ3+GRPDLQ3'%%%.7KHUHVXOWLQJPRGHOIURP05ZDV
IXUWKHUEXLOWE\Buccanneer >@DQGFRUUHFWHGPDQXDOO\LQCoot >@5HILQHPHQWZDV
DFFRPSOLVKHGXVLQJPHENIX.refine WRJHWKHUZLWKPDQXDOFRUUHFWLRQLQCoot0ROHFXODU
JUDSKLFVZHUHSUHSDUHGZLWKPyMOL$WWHPSWVDWFRFU\VWDOOLVLQJNLQGOLQ3+GRPDLQZLWK
,QV3DQGDWVRDNLQJWKHFU\VWDOZLWKKLJKO\FRQFHQWUDWHG,QV3UHVXOWHGLQD
3+GRPDLQVWUXFWXUHZLWKRXWOLJDQGERXQGSUHVXPDEO\GXHWRWKHORZDIILQLW\LQWHUDFWLRQ
EHWZHHQLVRODWHG,QV3DQGWKHNLQGOLQ3+GRPDLQ
 
Nanodisc preparation 
323&SDOPLWR\OROHR\OsnJO\FHURSKRVSKRFKROLQHDQG323(SDOPLWR\OROHR\O
VQJO\FHURSKRVSKRHWKDQRODPLQHZHUHSXUFKDVHGIURP$YDQWL3RODU/LSLGVDQG
3WG,QV333WG,QV33DQG,QV34ZHUHSXUFKDVHG
IURP(FKHORQ%LRVFLHQFHV1DQRGLVFVZHUHSUHSDUHGIROORZLQJVWDQGDUGSURWRFROV>@
%ULHIO\WRSUHSDUHQDQGLVFVFRQWDLQLQJPROPRO3WG,QV3DPL[WXUHRIORI
PJPO323&ORIPJPO323(WRJHWKHUZLWKORIPJPO3WG,QV3
LQFKORURIRUPZHUHGULHGRQDFOHDQS\UH[WXEHXQGHUDUJRQ5HVLGXDOFKORURIRUPZDVWKHQ
UHPRYHGE\GHVLFFDWLRQLQDGHVLFFDWRUDWWDFKHGRQD9$5,263GLDSKUDJPSXPS
9DFXXEUDQG7KHOLSLGILOPZDVVXEVHTXHQWO\K\GUDWHGE\DGGLQJRIPOVROXELOLVDWLRQ
EXIIHUP0+(3(6S+P01D&OP01DFKRODWHIROORZHGE\YLJRURXV
YRWH[LQJ7KHK\GUDWHGOLSLGILOPZDVWKHQVRQLFDWHGIRUPLQLQDZDWHUEDWKVRQLFDWRU
EHIRUHORI063(PJPOSURWHLQVZHUHDGGHGWRWKHOLSLGPL[WXUH1DQRGLVFV
 ? ?

ZHUHVHOIDVVHPEOHGXSRQUHPRYDORI1DFKRODWHE\GLDO\]LQJDJDLQVWP0+(3(6S+
P01D&OEXIIHURYHUQLJKW7KHDJJUHJDWHZDVUHPRYHGE\VL]HH[FOXVLRQ
FKURPDWRJUDSK\6XSHUGH[*(+HDOWKFDUH/LIH6FLHQFHVDQGWKHSHDNIUDFWLRQV
FRUUHVSRQGLQJWRVL]HRIPRQRPHULFQDQRGLVFVVSHFLHVZHUHFROOHFWHG)LJXUH6$DQGXVHG
LPPHGLDWHO\IRUELRSK\VLFDOFKDUDFWHULVDWLRQDQG635H[SHULPHQWV

Dynamic Light Scattering
'\QDPLFOLJKWVFDWWHULQJPHDVXUHPHQWVZHUHFRQGXFWHGRQD3URWHLQ6ROXWLRQV'\QD3UR
LQVWUXPHQWDW&7KHQDQRGLVFHOXDWHVIURPVL]HH[FOXVLRQFKURPDWRJUDSK\ZHUHGLOXWHG
WRDSSUR[LPDWHO\PJPOLQP0+(3(6S+P01D&OEHIRUHPHDVXUHPHQW
LQDFXYHWWH
 
Cryo-electron microscopy
$IWHUSOXQJHIUHH]LQJLQOLTXLGHWKDQHQDQRGLVFVRQKROH\FDUERQJULGVZHUHLPDJHGXVLQJDQ
)(,7HFQDL)PLFURVFRSHRSHUDWLQJDWN9DQGDWDQRPLQDOPDJQLILFDWLRQRI[
,PDJHVZHUHSLFNHGXVLQJBoxer>@DQGUHFRQVWUXFWHGab initio XVLQJIMAGIC>@
IROORZHGE\SPIDER >@ VRIWZDUH7KHUHVROXWLRQRIWKHPDSZDVGHWHUPLQHGE\)RXULHU
VKHOOFRUUHODWLRQDW)6& DQGZDVc

Surface Plasmon Resonance
635H[SHULPHQWVZHUHSHUIRUPHGXVLQJD%LDFRUH7PDFKLQH*(+HDOWKFDUH/LIH
6FLHQFHVDW&LQP0+(3(6S+P01D&O3WG,QV3&%DDQG
3WG,QV3&%DZHUHSXUFKDVHGIURP(FKHORQ%LRVFLHQFHV7KH%,$FRUH&0
 ? ?

FKLS*(+HDOWKFDUH/LIH6FLHQFHVZDVILUVWO\FRYHUHGZLWKVWUHSWDYLGLQIROORZLQJWKH
PDQXIDFWXUHU¶VLQVWUXFWLRQVEHIRUHWKHELRWLQ\ODWHG3,3VRUELRWLQ\ODWHGSURWHLQVZHUH
LPPRELOLVHG7KHDQDO\WHZLWKIROGVHULDOGLOXWLRQVZDVDSSOLHGDWDIORZUDWHRIȝOPLQ
IRUVIROORZHGE\VRIGLVVRFLDWLRQWLPH7KHELRVHQVRUFKLSZDVUHJHQHUDWHGDIWHU
HDFKVDPSOHLQMHFWLRQF\FOHZLWKGLIIHUHQWEXIIHULQWKHWZRH[SHULPHQWVHWXSVLQWKHFDVHRI
LPPRELOLVHG3,3VRQWKHVHQVRUFKLS6'6ZDVXVHGZKHQWKH3+GRPDLQZDV
LPPRELOLVHGWKHQWKHVXUIDFHZDVUHJHQHUDWHGE\00J&O7KHGDWDZHUHILWZLWKD
/DQJPXLUDGVRUSWLRQPRGHOB = BmaxC/(K' + CZKHUHBLVWKHUHVSRQVHRIERXQGDQDO\WH
DQGCLVWKHFRQFHQWUDWLRQRIWKHDQDO\WHLQWKHVDPSOHWRFDOFXODWHWKHGLVVRFLDWLRQFRQVWDQW
K'XVLQJ%,$DQDO\VLVVRIWZDUH7KHPROHFXODUZHLJKWRIWKHQDQRGLVFVIRU635DQDO\VLV
ZDVHVWLPDWHGWREHN'D
 
Molecular Dynamics Simulations
&RDUVHJUDLQHG0ROHFXODU'\QDPLFV&*0'6LPXODWLRQV
7KH&*0'VLPXODWLRQVZHUHSHUIRUPHGXVLQJ*520$&6>@ZLWKWKH0DUWLQL
IRUFHILHOG>@7KHVLPXODWLRQVHWXSLVVKRZQLQ)LJXUH$VXPPDU\RIDOOVLPXODWLRQV
SHUIRUPHGLVVKRZQLQ7DEOH3ULRUWRWKHSURGXFWLRQVLPXODWLRQVDOOV\VWHPVZHUHHQHUJ\
PLQLPL]HG DQG WKHQ HTXLOLEUDWHG IRU  QV ZLWK WKH SURWHLQ EDFNERQH SDUWLFOHV UHVWUDLQHG
)RUHDFKUHSHDWVLPXODWLRQZLWKLQDQHQVHPEOHWKHSURWHLQZDVURWDWHGDURXQGWKHxyDQGz
D[HVWRIRUPDGLIIHUHQWLQLWLDOFRQILJXUDWLRQ$QHQVHPEOHRIVLPXODWLRQVRIȝVHDFK
ZHUH UXQ ZLWK D WLPH VWHS RI  IV $Q HODVWLF QHWZRUN PRGHO (10 ZDV DSSOLHG WR DOO
EDFNERQHSDUWLFOHVZLWKDFXWRIIGLVWDQFHRIQP>@7KH/,1&6DOJRULWKPZDVXVHGWR
FRQVWUDLQ WRHTXLOLEULXPERQG OHQJWKV >@/HQQDUG-RQHV LQWHUDFWLRQVZHUHVKLIWHG WR]HUR
EHWZHHQQPDQGQP&RXORPELFLQWHUDFWLRQVZHUHVKLIWHGWR]HUREHWZHHQDQG
 ? ?

QP7KHSUHVVXUHZDVEDUDQG WKH WHPSHUDWXUHZDV.$%HUHQGVHQ
VDOJRULWKP>@
ZDVXVHGWRFRQWUROWKHSUHVVXUHDQGWKHWHPSHUDWXUHZLWKDFRXSOLQJWLPHRISV

$WRPLVWLF0ROHFXODU'\QDPLFV$70'6LPXODWLRQV
&RQYHUVLRQRI&*WRDWRPLVWLFV\VWHPVZDVPDGHXVLQJDIUDJPHQWEDVHGDSSURDFK>@7KH
VQDSVKRW WKDW ZDV FRQYHUWHG WR DQ DWRPLVWLF UHSUHVHQWDWLRQ FRUUHVSRQGHG WR WKH SUHIHUUHG
RULHQWDWLRQRIWKHNLQGOLQ3+GRPDLQLQWKHGHQVLW\ODQGVFDSHVVKRZQLQ6,)LJXUH67KH
*52026DIRUFHILHOG>@ZDVXVHGZLWK63&ZDWHUPROHFXOHV7KHWHPSHUDWXUHZDV
 . 7KH YHORFLW\ UHVFDOLQJ PHWKRG >@ ZDV XVHG WR FRQWURO WKH WHPSHUDWXUH ZLWK D
FRXSOLQJ WLPH RI  SV 7KH SUHVVXUH ZDV  EDU DQG LW ZDV FRQWUROOHG ZLWK VHPLLVRWURSLF
SUHVVXUH FRXSOLQJ XVLQJ WKH 3DUULQHOOR5DKPDQ EDURVWDW >@ ZLWK D FRXSOLQJ WLPH RI  SV
%RQG OHQJWKV ZHUH FRQVWUDLQHG WR HTXLOLEULXP OHQJWKV XVLQJ WKH /,1&6 PHWKRG 7KH WLPH
VWHS ZDV VHW DW  IV 7KH SDUWLFOH PHVK (ZDOG 30( PHWKRG ZDV XVHG WR PRGHO WKH
HOHFWURVWDWLF LQWHUDFWLRQV )RU WKH DWRPLVWLF VLPXODWLRQ ZLWK WKH NLQGOLQ 3+ GRPDLQ LQ
VROXWLRQERWK WKH*52026DDQG WKH23/6$$IRUFHILHOGZLWKLQ*520$&6ZHUH
XVHG)RU WKHVHVLPXODWLRQV LVRWURSLFSUHVVXUHFRXSOLQJZDVXVHG7KH WHPSHUDWXUHZDV
.

3RWHQWLDORI0HDQ)RUFH30)VLPXODWLRQV
,QLWLDOVWUXFWXUHVRIZLOGW\SHRUPXWDQWNLQGOLQ3+GRPDLQERXQGWR3,3RU3,3LQD
323&3236 ELOD\HU ZHUH JHQHUDWHG E\ DOLJQPHQW ZLWK DQ H[LVWLQJ *US3+3,3FRPSOH[
VHH>@7KHV\VWHPZDVFRQYHUWHGWRDFRDUVHJUDLQHGUHSUHVHQWDWLRQ7KH3+GRPDLQZDV
SXOOHGIURPWKHERXQG3,3OLSLGDORQJWKHPHPEUDQHQRUPDOzD[LVE\IL[LQJWKHFHQWUHRI
PDVVWRDUHIHUHQFHSRLQWZKLFKZDVPRYHGDWDUDWHRIQPSVIRUDWRWDOGLVWDQFHRI
QPZKLOH WKH3,3SKRVSKDWHDWRPZDV UHVWUDLQHG WR LWV LQLWLDOSRVLWLRQ6QDSVKRWVZLWK
 ? ?

SURWHLQOLSLG VHSDUDWLRQV PHDVXUHG IURP WKH 3+ GRPDLQ FHQWUHRIPDVV WR WKH SKRVSKDWH
DWRPRIWKH3,3LQQPLQWHUYDOVIRUWKHILUVWQPDQGQPWKHUHDIWHUZHUHH[WUDFWHG
DQG XVHG DV LQLWLDO VWUXFWXUHV IRU XPEUHOOD VDPSOLQJ VLPXODWLRQV ,Q HDFK VLPXODWLRQ WKH
SKRVSKDWHDWRPZDVDJDLQUHVWUDLQHGWRLWVLQLWLDOSRVLWLRQDQGWKHzGLVWDQFHRIWKH3+FHQWUH
RIPDVVZDVUHVWUDLQHGUHODWLYHWRWKHSKRVSKDWHDWRPZLWKDIRUFHFRQVWDQWRIN-PRO
QP7RUHGXFHWKHWLPHUHTXLUHGIRUDGHTXDWHVDPSOLQJWKH3+GRPDLQFHQWUHRIPDVVZDV
DOVR UHVWUDLQHG LQ WKH x DQG y GLUHFWLRQV E\ D IRUFH FRQVWDQW RI  N- PRO QP (DFK
ZLQGRZ ZDV VLPXODWHG IRU ȝV PXWDQW  ȝV :73,3 RU  ȝV :73,3 ZLWK WKH
GLVWDQFHEHWZHHQ3+FHQWUHRIPDVVDQG3,3DWRPEHDGDORQJWKHzD[LVUHFRUGHGHYHU\
SV30)SURILOHVZHUHFDOFXODWHGXVLQJWKH*520$&6g_whamWRRO>@7KHWLPHWDNHQWR
UHDFK FRQYHUJHQFH ZDV MXGJHG IURP SURILOHV JHQHUDWHG IRU VHTXHQWLDO WLPH LQWHUYDOV GDWD
EHIRUH WKLV WLPHZDVGLVFDUGHGDVHTXLOLEUDWLRQEHIRUHD ILQDOSURILOHZDVFDOFXODWHG(UURUV
ZHUHREWDLQHGIURPERRWVWUDSDQDO\VLV$OOSURILOHVZHUHVKLIWHGVRWKHYDOXHRIWKH30)LQ
EXONZDVNFDOPRO
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7DEOH'DWDFROOHFWLRQDQGVWUXFWXUHUHILQHPHQW
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RXWOLHUV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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

 
 ? ?

7DEOH6XPPDU\RIVLPXODWLRQV
6LPXODWLRQ %LOD\HUFRPSRVLWLRQ 'XUDWLRQ
Coarse-grained  
Kin3PH-1 323&32363,3a [V
Kin3PH-2 323&32363,3a [V
Kin3PH-3 323&3236a3,3PROHFXOHSHUOHDIOHW [V
Kin3PH-4 323&3236a3,3PROHFXOHSHUOHDIOHW [V
Kin3PH-5 323&3236a3,3PROHFXOHSHUOHDIOHW [V
Kin3PH-6 323&3236a3,3DQG3,3PROHFXOHSHUOHDIOHW
[V
Kit3mutPH-1 323&3236 a   3,3 PROHFXOH SHU OHDIOHW .$.$PXWDWLRQ
[V
  
Atomistic  
Kin3PH _AT-1 1RELOD\HU±*52026IRUFHILHOG [QV
Kin3PH _AT-1 1RELOD\HU±23/6IRUFHILHOG [QV
Kin3PH _AT-3 323&32363,3a [QV
Kin3PH _AT-4 323&32363,3PROHFXOHSHUOHDIOHW [QV



 
 ? ?

)LJXUH2YHUDOOVWUXFWXUHRINLQGOLQ3+GRPDLQ
$&U\VWDOVWUXFWXUHRINLQGOLQ3+GRPDLQ7KHSURWHLQLVFRORXUHGUDLQERZZLVHIURPLWV
DPLQREOXHWRFDUER[\UHGWHUPLQXGVDQGWKHFDQRQLFDOLQRVLWROSKRVSKDWHELQGLQJVLWHLV
KLJKOLJKWHGZLWKDQDUURZOHIW7KHK\GURJHQERQGVZLWKLQWKHRSHQHQGRIWKH3+GRPDLQ
DUHVKRZQULJKW%6XUIDFHHOHFWURVWDWLFFKDUJHRINLQGOLQ3+GRPDLQ&$YHUDJH5RRW
0HDQ6TXDUH)OXFWXDWLRQ506)RIWKHNLQGOLQ3+GRPDLQGXULQJDWRPLVWLF0'
VLPXODWLRQVLQZDWHULHLQWKHDEVHQFHRIDELOD\HUIRUWZRGLIIHUHQWIRUFHILHOGVLH
*52026DQG23/67KHPDJQLWXGHRIWKHDYHUDJH506)RIHDFKUHVLGXHZDVPDSSHGRQ
WKHNLQGOLQ3+GRPDLQFU\VWDOVWUXFWXUH

)LJXUH&RDUVHJUDLQHG0'VLPXODWLRQVRI.LQGOLQ3+GRPDLQLQWHUDFWLQJZLWKD
3,3FRQWDLQLQJOLSLGELOD\HU
$6QDSVKRWVDWWKHEHJLQQLQJDQGDWWKHHQGRIRQHRIWKHVLPXODWLRQVZLWK3,3PROHFXOHV
LQHDFKOHDIOHW.LQ3+LQ7DEOH3,3PROHFXOHVDUHVKRZQLQJUHHQ323&DQG3236
SKRVSKDWHDWRPVDUHVKRZQLQJUH\DQGWKHNLQGOLQ3+GRPDLQLVVKRZQLQLFHEOXH
%5RWDWLRQRIWKHNLQGOLQ3+GRPDLQVKRZQDVWKH5]]FRPSRQHQWRILWVURWDWLRQDO
PDWUL[UHODWLYHWRWKHGLVWDQFHEHWZHHQWKHFHQWUHRIPDVVRIWKHSURWHLQDQGWKHFHQWUHRI
PDVVRIWKHELOD\HU&)LQDOVQDSVKRWIURPRQHRIWKHDWRPLVWLFVLPXODWLRQVWKDWVWDUWHG
XVLQJVQDSVKRWVIURPWKHVLPXODWLRQVVKRZQLQ$'1XPEHURI3,3PROHFXOHVLQWHUDFWLQJ
ZLWKWKHNLQGOLQ3+GRPDLQ7KHQXPEHURI3,3OLSLGVLVVKRZQIRU.LQ3+.LQ3+
DQG.LQ3+VLPXODWLRQV7DEOHLQRUDQJHJUHHQDQGOLJKWJUHHQUHVSHFWLYHO\)RUWKLV
FDOFXODWLRQD3,3PROHFXOHLVFRQVLGHUHGWREHLQFRQWDFWZLWKWKHSURWHLQLILWVSKRVSKDWHLV
ZLWKLQQPRIWKHSURWHLQ7KHQXPEHURI3,3PROHFXOHVDUHVKRZQRQO\IRUWKHIUDPHVLQ
ZKLFKWKHSURWHLQLVERXQGWRWKHELOD\HULHWKH]FRPSRQHQWRIWKHGLVWDQFHEHWZHHQWKH
SURWHLQFHQWUHRIPDVVDQGWKHELOD\HUFHQWUHRIPDVVLVVPDOOHUWKDQQP
 ? ?


)LJXUH3RWHQWLDORIPHDQIRUFH30)FDOFXODWLRQVRI.LQGOLQ3+GRPDLQZLWK3,3V
$30)FDOFXODWLRQVIRUWKHELQGLQJRIWKHZLOGW\SHDQGWKHPXWDWHGIRUPRINLQGOLQ3+
GRPDLQWR3,3EODFNDQG3,3F\DQDQGUHGPROHFXOHV%.LQGOLQ3+ELOD\HU
FRPSOH[HVFRUUHVSRQGLQJWRZHOOVDQGLQ$7KH3,3PROHFXOHVDUHVKRZQLQJUHHQDQG
WKH3+GRPDLQLQLFHEOXH)RUWKLVFDOFXODWLRQWKHLQLWLDOVWUXFWXUHVRIZLOGW\SHRUPXWDQW
NLQGOLQ3+GRPDLQVERXQGWR3,3RU3,3LQD323&3236ELOD\HUZHUHJHQHUDWHG
E\DOLJQPHQWZLWKDQH[LVWLQJ*US3+3,3FRPSOH[7KH3+GRPDLQZDVSXOOHGIURPWKH
ERXQG3,3OLSLGDQGELOD\HUDORQJWKHPHPEUDQHQRUPDO]D[LV6HH0HWKRGVIRUPRUH
GHWDLOV

)LJXUH635VWXG\RINLQGOLQ3+GRPDLQZLWKLPPRELOLVHG3,3DQG3,3
KHDGJURXSV
$6FKHPDWLFUHSUHVHQWDWLRQRI635H[SHULPHQWVZLWKLPPRELOLVHGOLSLGKHDGJURXSDV
OLJDQGDQG3+GRPDLQDVDQDO\WH%635PHDVXUHPHQWVRINLQGOLQ3+GRPDLQ:7DQG
PXWDQWVZLWKLPPRELOLVHG3WG,QV3DQG3WG,QV3UHVSHFWLYHO\2QWKHOHIWLQHDFK
FDVHZHVKRZWKHEDFNJURXQGVXEWUDFWHGUDZVHQVRJUDPGDWDIRUWKHZLOGW\SHSURWHLQZKLOH
RQWKHULJKWZHVKRZELQGLQJVDWXUDWLRQFXUYHVIRUZLOGW\SH.$.$DQG,355
LQVHUWLRQPXWDQWV7KHKLJKHVWFRQFHQWUDWLRQXVHGLVJLYHQRQHDFKVHWRIVHQVRJUDPFXUYHV
VXEVHTXHQWELQGLQJSURILOHVGHULYHIURPDVHULHVRIWZRIROGGLOXWLRQV

)LJXUH635VWXG\RINLQGOLQ3+GRPDLQZLWK3WG,QV3LQFRUSRUDWHG
QDQRGLVFV
 ? ?

$6FKHPDWLFUHSUHVHQWDWLRQRI635H[SHULPHQWVZLWKLPPRELOLVHG3+GRPDLQDVOLJDQGDQG
OLSLGQDQRGLVFVDVDQDO\WHLQVROXWLRQ%635PHDVXUHPHQWEHWZHHQ:7NLQGOLQ3+
GRPDLQDQGQDQRGLVFVZLWK3WG,QV37KHEDFNJURXQGVXEWUDFWHGUDZVHQVRJUDP
GDWDIRUWKHZLOGW\SHSURWHLQLVVKRZQRQWKHOHIWDQGWKHUHVXOWLQJELQGLQJVDWXUDWLRQFXUYH
RQWKHULJKW7KHKLJKHVWFRQFHQWUDWLRQXVHGLVJLYHQRQWKHVHQVRJUDPJUDSKVXEVHTXHQW
ELQGLQJSURILOHVGHULYHIURPDVHULHVRIWZRIROGGLOXWLRQV6HH0DWHULDOVDQG0HWKRGVIRU
H[SHULPHQWDOGHWDLOV

)LJXUH635VWXG\RILQWHUDFWLRQEHWZHHQ*US3+GRPDLQDQG3WG,QV3LQWZR
H[SHULPHQWDOVHWXSV
$,PPRELOLVHG3WG,QV3KHDGJURXSDVOLJDQGDQG3+GRPDLQDVDQDO\WH%
LPPRELOLVHG*US3+GRPDLQDVOLJDQGDQGOLSLGQDQRGLVFVDVDQDO\WH7KHXSSHUSDQHOLQ
HDFKFDVHJLYHVWKHEDFNJURXQGVXEWUDFWHGUDZVHQVRJUDPGDWDDQGWKHORZHUSDQHOWKH
UHVXOWLQJELQGLQJVDWXUDWLRQFXUYH7KHKLJKHVWFRQFHQWUDWLRQXVHGLVJLYHQRQWKHVHQVRJUDP
JUDSKV0*US3+GRPDLQLQ$0QDQRGLVFVLQ%VXEVHTXHQWELQGLQJSURILOHV
GHULYHIURPDVHULHVRIWZRIROGGLOXWLRQV6HH0DWHULDOVDQG0HWKRGVIRUH[SHULPHQWDOGHWDLOV
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SI Figure S1 Sequence alignment of the PH domains of murine kindlins -1, -2 and -3.
1XPEHULQJLVE\UHIHUHQFHWRWKHFRPSOHWHSURWHLQVHTXHQFHDVLVWKHUHVLGXHQXPEHULQJLQWKH
PDLQWH[W


SI Figure S2 Phylogenic tree of representative PH domains from crystallographic studies.  
6RPH3+GRPDLQVDUHKLJKOLJKWHGRUDQJHNLQGOLQVEOXHKLJKDIILQLW\VSHFLILF3WG,QV3ELQGHUV
JUHHQORZDIILQLW\RUSURPLVFXRXV3WG,QV3ELQGHUV7KHIROORZLQJSURWHLQVDUHXVHGWRJHQHUDWHWKH
phylogenic tree: Btk (1B55); PI3Kinase enhancer (2RLO); Į1 syntrophin (2ADZ); P63Rho GEF 
(2RGN); Dbs (1KZ7); intersectin (1KI1); PLCȕ2 (2FJU); PLCį (1MAI); GPCR kinase 2 (1BAK); 
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 SI Figure S3 Comparison of the canonical and non-canonical inositol phosphate binding sites of 
PH domains.   
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6XUIDFHHOHFWURVWDWLFFKDUJHGLVWULEXWLRQRINLQGOLQDQGNLQGOLQ3+GRPDLQV.LQGOLQDQG
DUHSODFHGLQWKHVDPHRULHQWDWLRQZLWKWKHRSHQEDUUHODWWKHWRS%6XUIDFHHOHFWURVWDWLFFKDUJH
GLVWULEXWLRQRI3+GRPDLQVZLWKFDQRQLFDOLQRVLWROSKRVSKDWHELQGLQJSRFNHW(PLCį13+DQG*US
3+DQGQRQFDQRQLFDOELQGLQJVLWH$UK*$3DQG6OP7KHVHPROHFXOHVDUHSODFHGLQWKHVDPH
RULHQWDWLRQDVLQ$3+GRPDLQVZLWKDFDQRQLFDOLQRVLWROSKRVSKDWHELQGLQJVLWHW\SLFDOO\H[KLELW
DSRVLWLYHO\FKDUJHGEDUUHORSHQLQJ
 
 SI Figure S4: Hydrogen bond between Arg
360
 and Gln
396
 in simulation. 
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NLQGOLQ3+GRPDLQLQVROXWLRQ7KHGLVWDQFHLVVKRZQVHSDUDWHO\IRUWKHWKUHHUHSHDWVLPXODWLRQV
ZLWKWKH*52026$DQGWKH23/6%IRUFHILHOGV 
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SI Figure S5: Contacts between Kindlin-3 PH domain and PIPs 
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3,3RU3,3PROHFXOHV7KHFRQWDFWVZHUHFDOFXODWHGXVLQJDFXWRIIGLVWDQFHRIQP7KH
LQWHUDFWLRQVZLWK3,3PROHFXOHV$ZHUHFDOFXODWHGIURPWKH.LQ3+VLPXODWLRQ7KH
LQWHUDFWLRQVRINLQGOLQZLWKWKH3,3PROHFXOHVDUHVKRZQDVWKHDYHUDJHRYHUDOOWKHVLPXODWLRQV
ZLWK3,3LQWKHELOD\HU%VLPXODWLRQV.LQ3+WRDQGWKHLQWHUDFWLRQVZLWK3,3DQG3,3
PROHFXOHVLQ&ZHUHFDOFXODWHGIURP.LQ3+V\VWHP'()LQDOVQDSVKRWVIURPWKHDWRPLVWLF
VLPXODWLRQVZLWKWKH3,3FRQWDLQLQJELOD\HUVKRZLQJWKHWZRELQGLQJPRGHVRINLQGOLQ3+
GRPDLQWRWKHELOD\HU
 SI Figure S6: Orientation of kindlin-3 PH domain on the membrane bilayer. 
2ULHQWDWLRQRIWKHNLQGOLQ3+GRPDLQUHODWLYHWRWKHELOD\HUVKRZQDVWKH5]]FRPSRQHQWRIWKH
URWDWLRQDOPDWUL[WRDOLJQWKHNLQGOLQ3+GRPDLQWRDUHIHUHQFHVWUXFWXUHYHUVXVWKHGLVWDQFH
EHWZHHQWKHFHQWUHVRIPDVVRIWKHSURWHLQDQGWKHELOD\HU7KHUHIHUHQFHVWUXFWXUHIRUHDFKV\VWHP
ZDVLQWKHVDPHRULHQWDWLRQDVLQ)LJXUH&,QWKHILJXUHZHVKRZWKHQRUPDOL]HGGHQVLW\WRDLG
FRPSDULVRQEHWZHHQWKHGLIIHUHQWV\VWHPV


SI Figure S7: Contact between the Kindlin-3 PH domain and PIP molecules in the free energy 
calculations: 
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$RU3,3%PROHFXOHVLQWKHIUHHHQHUJ\FDOFXODWLRQV7KHFRQWDFWVZHUH
FDOFXODWHGXVLQJWKHILUVWIRXUZLQGRZVRIHDFKVLPXODWLRQV\VWHPWKDWFRUUHVSRQGWRWKHILUVWZHOO
LQ)LJ$ 
 
 
 
 SI Figure S8: Kindlin-3 PH domain mutant dissociates from membrane during MD simulations. 
$'LVWDQFHEHWZHHQWKHFHQWUHRIPDVVRIWKHSURWHLQDQGWKHFHQWUHRIPDVVRIWKHELOD\HUIRURQH
RIWKHVLPXODWLRQVZLWKWKHPXWDWHGIRUPRIWKHSURWHLQ.LQPXW3+%6QDSVKRWVIURPWKH
same system shown at 0, 0.26, 0.65 and 1.5 ȝs. PIPPROHFXOHVDUHVKRZQLQJUHHQ323&DQG
3236SKRVSKDWHDWRPVDUHVKRZQLQJUH\DQGWKHNLQGOLQ3+GRPDLQLVVKRZQLQLFHEOXH

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SI Figure S9 Preparation and characterisation of nanodiscs.  
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6L]HH[FOXVLRQFKURPDWRJUDSK\SURILOHRIQDQRGLVFSXULILFDWLRQ7KHUHJLRQVVKDGRZHGLQOLJKW
SLQNDQGJUHHQ UHSUHVHQW WKHSHDN IUDFWLRQVXVHG IRU WKLV VWXG\ %$QDO\WLFDOXOWUDFHQWULIXJDWLRQ
VWXG\ RI QDQRGLVFV VKRZLQJ WKHLU KRPRJHQHRXV GLVWULEXWLRQ LQ VROXWLRQ & '\QDPLF OLJKW
VFDWWHULQJPHDVXUHPHQWRIWZRUHSUHVHQWDWLYHQDQRGLVFVSHFLHV''FU\R(0UHFRQVWUXFWLRQRI
323&3236 QDQRGLVFV ( 6L]H GLVWULEXWLRQ RI QDQRGLVFV ZLWK YDULRXV OLSLG FRPSRVLWLRQV
PHDVXUHGE\G\QDPLFOLJKWVFDWWHULQJ
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SI Figure S10 Grp1 PH domain binding to PtdIns(3,5)P2 
635 VWXG\ ZLWK LPPRELOLVHG 3WG,QV3 RQ VHQVRU FKLS DQG *US3+ GRPDLQ DV DQDO\WH 7KH
H[SHULPHQWDOVHWXSZDVWKHVDPHZLWKWKDWLQ)LJXUH$
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